ABSTRACT
INTRODUCTION
Although schizophrenia and obsessive-compulsive disorder (OCD) belong to distinct diagnostic categories, there are substantial areas of overlap between the two disorders regarding affected brain areas, neurotransmitters and pharmacotherapy (Buchsbaum et al., 1997; Cunill et al., 2009 ). The higher-than-expected comorbidity of obsessive-compulsive symptoms (OCS) and psychosis suggests a special association between the two disorders, although the nature of this relation is still under debate (Bottas et al., 2005) . Several explanatory hypotheses have been proposed.
Firstly, it has been hypothesized that OCS and psychotic symptoms could be concomitant but nevertheless unrelated pathological processes, as is the case with 'co-morbidity' (Berman et al., 1998; Patel et al., 2010) . This co-morbidity may be caused by shared genetic and/or environmental factors that render the brain vulnerable to both schizophrenia and other psychopathology, including OCS. Reports that there is no typical temporal sequence of both disorders corroborate this hypothesis (Devulapalli et al., 2008) . Secondly, OCS and psychosis might be regarded as different expressions of the same disorder on the schizo-obsessive spectrum (Bottas et al., 2005) . This hypothesis emphasises the similarities between obsessions and delusions as being irrational thoughts, the first with insight and the latter lacking insight. Thirdly, the emergence of OCS in schizophrenia has been hypothesized to be induced by anti- . However, observations that OCD was already present in up to 14% of first-episode, predominantly drug-naive schizophrenia patients (Poyurovsky et al., 1999) demonstrate that this cannot be the only explanation for their co-occurrence. Finally, it has been suggested that the co-expression of schizophrenia and OCS may mark a unique subset of schizophrenia patients whose condition might be referred to as the "schizo-obsessive subtype" (Berman et al., 1998; McGlashan, 1997; Ongur & Goff, 2005; Zohar, 1997) . In this view, the high co-occurrence is accounted for by a distinct diagnostic entity, with a unique pathophysiology, treatment response and clinical course.
The study of cognitive impairments has been suggested to be a valuable method to determine whether or not the putative schizo-obsessive subtype represents a true diagnostic entity (Berman et al., 1998; Lysaker et al., 2009 ). Various researchers have investigated whether cognitive functioning may differentiate schizophrenia patients with OCS (OCS+ patients) from schizophrenia patients without OCS (OCS-patients). While some studies reported worse cognitive functioning in OCS+ patients compared to OCS-patients on visual memory, language and executive functioning domains (Berman et The association between OCS and cognitive functioning in schizophrenia patients needs to be considered in the context of significant heterogeneity in the etiopathology, symptomatology and course of the disorder (Tandon et al. 2009 ). Likewise, interpretation of worse cognitive functioning in OCS+ patients may be confounded by the fact that these patients also express 58 higher levels of psychotic symptoms, receive different antipsychotic treatment and are more often hospitalized in comparison with OCS-patients (Hwang et al., 2000; Lysaker et al., 2000; Lysaker et al., 2002) .
To exclude such disease-related confounding, the study of unaffected relatives may be a valuable approach. Unaffected first-degree relatives share about half of their genetic material with the proband, but do not suffer from clinical psychosis and do not receive antipsychotic treatment (Gur et al., 2007) . Moreover, unaffected relatives of OCS+ patients may be more likely to display OCS, based on the suggested familial aggregation of OCS in the general population and in schizophrenia samples (Mataix-Cols et al. 2005; . Likewise, in a recent review it was noted that an important step towards delineation of specific subgroups within the OCS-schizophrenia axis may be the use of candidate endophenotypic markers, including cognitive functioning (Poyurovsky & Koran, 2005) .
In schizophrenia, impairments in domains of executive functioning, working memory, attention/vigilance and affect processing may provide a means to study endophenotypic traits more closely associated with specific neurobiological deficits than are psychotic symptoms (Gur et al., 2007) . Also in OCD cognitive deficits have been suggested as potential endophenotypic markers that may be used to clarify genetic contributions, such as nonverbal memory, executive functioning and motor inhibitory control (Menzies et al., 2007; Rao et al., 2008) . Therefore, if OCS+ patients can be distinguished from OCS-patients based on a cognitive pattern which is replicated in their unaffected relatives, this may support a shared genetic vulnerability for OCS and psychosis as would be expected in the case of a schizo-obsessive subtype (Poyurovsky & Koran, 2005) .
The first aim of the present study was therefore to investigate whether OCS+ patients can be differentiated from OCS-patients based on their cognitive performance. Second, we wanted to investigate the association between OCS and cognitive functioning in unaffected relatives of patients with psychosis and control subjects. Since OCS have been associated with cognitive functioning in subjects with and without psychosis, we hypothesized that a negative association between OCS and cognitive functioning would be present in patients, relatives and controls. Third, as an exploratory analysis, we wanted to examine whether the level of OCS in patients was associated with cognitive functioning in their unaffected relatives. Based on the assumption that both cognitive deficits and OCS are more prevalent in genetic high risk subjects we expected a cross-trait cross-relative association for cognitive domains that are impaired in both OCD and schizophrenia, such as set shifting, processing speed and sustained attention (Chamberlain et 
METHODS

Study design and population
Data pertain to baseline measures of GROUP (Genetic Risk and Outcome of Psychosis), a longitudinal study in the Netherlands and Belgium (Korver et al., in press ). In selected representative geographical areas patients were identified through clinicians working in 59 psychotic disorder services whose caseloads were screened for inclusion criteria. Additionally, a group of patients presenting consecutively at these services as either outpatients or inpatients were recruited for the study. Controls were selected through a system of random mailings to addresses in the catchment areas of the cases.
Inclusion criteria for patients, siblings and controls were (1) age range of 16 to 50 years and (2) good command of the Dutch language. Patients had to meet DSM-IV-TR criteria for a non-affective psychotic disorder (APA, 2000) which was assessed with the Comprehensive Assessment of Symptoms and History (CASH) (Andreasen et al., 1992) or the Schedules for Clinical Assessment in Neuropsychiatry version 2.1 (SCAN) (Wing et al., 1990) . Exclusion criteria for healthy controls were a history of psychotic disorder or a first-degree family member with a history of psychotic disorder. The study protocol was approved centrally by the Ethical Review Board of the University Medical Centre Utrecht and subsequently by local review boards of each participating institute. All of the subjects gave written informed consent in accordance with the committee's guidelines.
Clinical Measures
Severity of psychotic symptoms in patients was rated with the Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987) . In relatives and controls, the CAPE (Community Assessment of Psychic Experiences) (Stefanis et al., 2002 ) was used to assess the prevalence of (subclinical) positive, negative and depressive symptoms on both a frequency scale (0=never to 3=nearly always) and a distress scale (0=not distressed to 3=very distressed).
The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (Goodman et al., 1989 ) was used in all participants to measure the presence and severity of obsessive compulsive symptoms (OCS) over the previous week. The Y-BOCS addresses interference, distress and time spent on, resistance against and control over obsessions and/or compulsions. All ten severity items are rated on a five-point Likert-scale, ranging from 0 (no symptoms) to 4 (extreme symptoms). Total Y-BOCS score (range=0-40), which is the sum of all ten severity items, was used as predictor in the analyses. The Y-BOCS has been validated for the use in patients with nonaffective psychosis (Boyette et al., 2011; de Haan et al., 2006) .
Cognitive Measures
Subjects were administered a neuropsychological test battery, which required 90 to 120 minutes to complete. The 10 cognitive tasks yielded 13 outcome parameters which were used as dependent variables in the analyses. Verbal learning was assessed using the Word Learning Task (WLT) (Brand & Jolles, 1985) with outcome parameters of immediate recall (15-word list, 3 learning trials) and retention rate after 20 minutes. Set shifting ability was assessed using the Response Shifting Task (RST), a modified version of the Competing Programs Task (Nolan et al., 2004 ) with outcome parameters of reaction time and accuracy. Sustained visual attention and vigilance was assessed using a version of the Continuous Performance Task (CPT-AX) (Nuechterlein & Dawson, 1984) with outcome parameters of reaction time and accuracy. The following subtests of the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III) (Wechsler, 1997) were assessed: Digit Symbol-Coding as a measure of processing speed, Arithmetic as 60 a measure of working memory, Information as a measure of acquired knowledge and Block Design as a measure of reasoning and problem solving. The Degraded Facial Affect Recognition Task (DFAR) (van 't Wout et al., 2004) was used to assess recognition of neutral, happy, fearful and angry emotions. The Benton Face Recognition Task (BFRT) (Benton et al., 1983 ) was used to assess visuospatial discrimination of unfamiliar faces. The Hinting Task (Versmissen et al., 2008 ) was used to assess theory of mind. Cognitive performance within the GROUP study on this test battery has been described previously (Meijer et al., 2012) . Patients performed worse than controls on all cognitive domains (z-range -.18 to -1.34), while unaffected siblings and parents showed intermediate performance on selected tasks (z-range -.01 to -.43 and +0.13 to -1.17, respectively).
Statistical Analyses
Demographic and clinical characteristics were compared between OCS+ and OCS-patients using one way analysis of variance (ANOVA) for continuous data and chi-square tests for categorical data. Tests were two-tailed with a significance level of .05. The association between OCS and cognitive functioning was assessed in three ways: by means of within-subject regression analyses, by means of cross-trait cross-relative analyses, and (within patients) by means of group comparisons.
Firstly, we built a random effect regression model for each of 13 cognitive functioning outcomes with the Y-BOCS scores (range 0-40) as the fixed part of the model and cognitive functioning as the dependent variable. Family was used as a random factor with a random intercept to correct for intra-family correlation, since some families contributed more than one parent, sibling, or control. These models were analyzed within each status group (patient, parent, sibling, control) separately. Covariates were added to the model in two steps. As a first step age, gender and educational level were entered at the same time ("enter method"). Educational level was categorized: varying from lowest (1=primary school) up to highest (8=university), with an ordinal increase in educational years. Subsequently, symptoms were entered as a covariate. For patients PANSS scores were used (PANSS positive, negative, general) while CAPE scores were used for the three non-clinical groups. Secondly, cognitive functioning was compared between subgroups of patients based on their Y-BOCS scores. Thirdly, cross-trait cross-relative analyses were performed in order to exclude possible disease-related confounding (Toulopoulou et al., 2010) . Therefore, for each cognitive outcome measure a random effect regression model was built with Y-BOCS scores of the patient as independent variable and cognitive functioning of their relative (siblings and parents separately) as dependent variable. Analyses were co-varied for age, gender, education and CAPE scores of the relative.
All tests were two-tailed. To correct for multiple comparisons the alpha was set to .005. Significant effects were transferred into Cohen's d as a measure of effect size, in order to differentiate between small (d'= .2), medium (d'= .5), and large (d'= .8) effects. All statistical analyses were performed with SPSS version 17.0 for Windows.
RESULTS
For the current study we excluded subjects who did not have the Y-BOCS assessed (n=273), as well as additional subjects who had not participated in any of the cognitive tasks (n=30), resulting in a study sample of 3381 subjects (984 patients, 973 siblings, 851 parents, 573 controls). Table 1 shows that subclinical, mild and moderate-severe OCS was more prevalent in patients compared to relatives and controls. Table 2 demonstrates that OCS+ patients were significantly younger than OCS-patients. The gender distribution was not significantly different between the OCS groups. Moreover, OCS+ patients had significantly more positive and general symptoms on the PANSS compared to OCS-patients, while negative symptoms did not differ. In addition, OCS+ patients were more often currently treated with clozapine compared to OCS-patients. Observed mean cognitive test scores for OCS subgroups are also demonstrated. ANCOVA between the four OCS patient groups did not yield significant differences for any of the 13 cognitive outcome parameters. Table 3 shows the results of random effect regression analyses. Analyses were co-varied for age, gender and education in the first step, while symptom scores (PANSS or CAPE) were included in the second step. Since the results for step 1 and 2 did not differ significantly, only results for the final model are displayed. In patients, higher Y-BOCS score (independent variable) was significantly associated with better performance on the Hinting task (dependent variable; d'=+.02), but this result did not survive correction for multiple comparisons. In siblings, the Y-BOCS score was not significantly associated with any of the cognitive parameters. In parents, higher Y-BOCS score was significantly associated with worse performance on the RST accuracy (d'=-.10). In controls, higher Y-BOCS score was significantly associated with better performance on the WAIS-Information task (d'=+.03) and worse performance on the Digit Symbol-Coding task (d'=-.05), of which only the latter result survived correction for multiple 62 
DISCUSSION
To the best of our knowledge, our study was the first to assess the association between OCS and cognitive functioning in patients with non-affective psychosis, their unaffected siblings and parents, and control subjects. Contrary to our hypothesis, neither within-subject analyses nor cross-relative analyses yielded a clear association between OCS and cognitive performance. While OCS were significantly associated with worse set shifting accuracy in parents and worse processing speed in controls, the effect sizes were too small to be clinically relevant. Crosstrait cross-relative analyses were performed to exclude possible disease-related confounding, but failed to demonstrate an association between level of OCS in patients and their relatives' cognitive performance. Our results do therefore not support the existence of a schizoobsessive subtype from a neurocognitive perspective. Possible implications of the findings, together with suggestions for future research, are provided here. In case of negative findings as in our study, it is important to evaluate differences with other study designs in the field to reflect on whether we might have missed an association between OCS and cognition in schizophrenia that is actually present. In contrast to our study seven studies reported a negative association between OCS and cognitive functioning in schizophrenia (Berman et It may be argued that an association between OCS and cognitive functioning in schizophrenia is only to be detected if the level of OCS is considerably high and the sample size is large enough. The mean Y-BOCS score of 11.6 in our OCS+ sample was relatively low due to the fact that patients with subclinical OCS were also included. In comparison, studies that did report an association between OCS and worse cognitive functioning included OCS+ patients with a higher Y-BOCS score (weighted mean = 21.6) ( Moreover, it has been suggested that the association between OCS and cognition in schizophrenia is age-dependent (Borkowska et al., 2003) . Although our patients were younger (mean age = 27.8) compared to studies that demonstrated worse cognitive functioning in OCS+ patients (weighted mean age = 42. . Together with the fact that age differences were controlled for in our analyses, it is unlikely that our negative findings are the result of the inclusion of younger patients.
Another possibility is that we did not assess the right cognitive domains. In the case of a schizo-obsessive subtype, OCS+ patients would be expected to differ from OCS-patients on cognitive domains that show impairments in non-schizophrenic OCD patients (Berman et al., 1998; Whitney et al., 2004) . The neurobiology of OCD is believed to be characterized by structural and functional abnormalities in the orbitofrontal cortex, anterior cingulate gyrus and basal ganglia. Accordingly, OCD patients have shown impaired performance on neurocognitive tasks sub-served by these brain regions, including verbal memory, processing speed, set shifting and sustained attention (Chamberlain et al., 2005; Kuelz et al., 2004 ). We did not find an association between performance on these domains and OCS in our study sample.
On the other hand, three cognitive domains that are known to be associated with OCD were not assessed in our study; decision making, response inhibition and visual memory (Chamberlain et al., 2005; Kuelz et al., 2004) . Only two out of 14 previously mentioned studies used a gambling task to assess decision making performance and failed to report an association with OCS (Patel et al., 2010; Whitney et al., 2004) . Response inhibition was also assessed in two studies, with one reporting a negative association with OCS (Lysaker et al., 2009 ) that could not be replicated in the second study (Patel et al., 2010) . Visual memory was assessed in five studies, with mixed results of worse, equal, and even better performance in OCS+ patients (Berman et al., 1998; Lee et al., 2009b; Lysaker et al., 2002; Tumkaya et al., 2009; Whitney et al., 2004) . Results demonstrate that, so far, it has not been possible to identify a unique pattern of cognitive impairment that distinguishes OCS+ from OCS-patients.
Likewise, the only cognitive test domain that has shown impairments in OCS+ patients more than once is cognitive flexibility assessed with the Wisconsin Card Sorting Test (WCST) (Hwang et al., 2000; Lysaker et al., 2000; Lysaker et al., 2002) . Impairment in the WCST has been described to be typical for dorsolateral prefrontal cortex dysfunction in schizophrenia (Abbruzzese et al., 1995) . On the other hand, Goldberg and Weinberger (Goldberg & Weinberger, 1994 ) have cautioned against an over-interpretation of the WCST as a specific measure of focal (schizophrenia-related) prefrontal dysfunction because, due to task complexity, it addresses many cognitive domains and may therefore merely represent a final common cognitive pathway. This is in line with the statement that the cognitive profile of OCS+ patients is more likely to represent a 'pathophysiological double jeopardy' (i.e. having two conditions instead of one), rather than a unique pattern of cognitive deficits (Whitney et al., 2004) .
In addition to this lack of consistency in the cognitive domain, some methodological issues of previous studies should be taken into consideration. Despite the argument that cognitive impairment on a single domain is regarded as insufficient ground to label a patient (or a group of patients) as cognitively impaired (Palmer et Our study extended upon previous research by the inclusion of subjects at increased genetic risk for psychosis. Unaffected relatives have been used in the search for cognitive endophenotypes in schizophrenia (Gur et al., 2007) and OCD (Menzies et al., 2007) , but not for the combination of both disorders. In case of an association between OCS and cognitive functioning in patients, replication of this result in their unaffected relatives would indicate i) that this association is not merely state-related and ii) that there may be a shared genetic vulnerability for both schizophrenia and OCD (Poyurovsky & Koran, 2005) . In our case, no distinct cognitive pattern in the patients emerged and thus the analysis of relatives was not necessary to exclude any psychosis-related confounding. However, the inclusion of unaffected relatives was still valuable to investigate whether subjects at increased genetic risk for both psychosis and OCS display an additional cognitive vulnerability compared to relatives of OCS-patients, which could not be confirmed. Moreover, unaffected relatives did not display higher levels of OCS compared to controls. These results do not corroborate previous results of a strong familial-genetic component in OCD (Mataix-Cols et al., 2005), at least not in families with genetic loading for psychosis. 66 
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The results of this study should be viewed in the light of some limitations. Since the same researchers administered both the PANSS and the Y-BOCS, rater bias cannot be excluded. What makes rater bias less likely though is that the cognitive and OCS assessments were part of a large test battery in a group of patients and relatives that were unselected for the presence of OCS. Secondly, although the heterogeneity of our sample in age, illness duration and psychotic severity enhanced generalizability, it may have equalled out cognitive differences in specific subgroups of patients. Thirdly, we did not include all cognitive measures that were found to be associated with OCS comorbidity in former studies.
CONCLUSIONS
Despite the large sample size and the inclusion of unaffected relatives this study could not confirm the existing premise that OCS+ patients may be differentiated from OCS-patients based on their cognitive performance. Although OCS+ patients displayed a more severe clinical profile, our results do not validate a schizo-obsessive subtype from a cognitive perspective. While OCS+ patients in previous studies demonstrated a rather nonspecific cognitive profile, the majority of results was either marginally significant, present in a single cognitive domain, or possibly confounded by higher levels of psychotic symptomatology. Hence, future research including patients and their unaffected relatives is warranted to clarify the nature of genetic and environmental factors that predispose individuals with psychosis to OCS co-morbidity.
